INTRACELLULAR PROTEOLYTIC ENZYMES OF LIVER by Dochez, A. R.
INTRACELLULAR  PROTEOLYTIC  ENZYMES 
OF LIVER. 1 
By  A,  R.  DOCHEZ. 
(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 
New  York.) 
In  all  living  tissues,  protein  constituents  are  continually  being 
broken  down  within  the  body  cells  and  protein  decomposition 
products  are  excreted.  If  any or  all  of the  processes of  degrada- 
tion  occurring  during  life  are  the  work  of  enzymes,  we  should 
expect  to  be  able  to  demonstrate  the  existence  of  these  enzymes 
in  the  tissues after  death.  The  occurrence  of such  proteolytic  en- 
zymes  was  first  established  in  189  °  when  E.  Salkowski  2  showed 
that  liver,  muscle and  suprarenal  glands,  when minced  and  kept  in 
chloroform water at  37°C.  underwent  what  he  termed  "autodiges- 
tion."  Somewhat  similar  observations  had  previously  been  made 
by  Salomon  a and  by Schmiedeberg?  Jacobi  5 later  confirnled  Sal- 
kowski's  observations  and  called  the  phenomenon  "autolysis." 
These  intracellular  proteolytic  enzymes  are  not  known  to  be  ex- 
creted  into  the  body fluids  but may  be obtained  in  an  active  state 
in  the press  juice  or  in  the  filtrate  of water  extracts  of  organs. 
Whether  the  phenomenon  of  autodigestion  of  organs  removed 
from the  animal  body is  related  in nature  to  the  physiological  dis- 
integration  of  protein  within  the  living  cell  is  a  problem  that  is 
still  unsolved.  Parenteral  digestion  of protein  has  been observed. 
The  r61e  of leucocytes and  their  enzymes  in  effecting  the  removal 
of  inflammatory  products  has  been  clearly  pointed  out  by  Opie  ~ 
and  others.  The  absorption  of  areas  of  necrosis  not  associated 
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with  bacterial  infection  is  probably  largely  accomplished  by  en- 
zymes existing  in  the  degenerating  cells.  Jacobi  7 has  been able to 
demonstrate,  in  a  lobe  of  liver  deprived  of  its  blood  supply,  the 
presence  of  leucin  and  tyrosin  after  thirty-six  hours.  In  phos- 
phorus  poisoning  and  in  acute  yellow  atrophy  of  the  liver,  pro- 
tein  decomposition  products  are  found  in  large  quantities  in  the 
degenerating  organ.  Such  evidence  of  autodigestion  has,  how- 
ever,  been  observed  in  pathological  conditions  in  which  cell  nu- 
trition,  oxidation,  and other chemical  reactions  have  probably been 
profoundly  disturbed  so  that  an  exact  analogy  to  physiological 
processes  cannot  be  drawn.  These  facts  are  nevertheless  sugges- 
tive,  and  the  possibility  is  apparent  that  these  extremes  of  tissue 
degradation may represent but an intensified picture of normal pro- 
tein  metabolism.  In  fact,  Lane-Claypon  and  Schryver  s  have  been 
able  to show that  in  hunger,  where  the  animal's  energy  needs  are 
supplied by his  own tissue, autolytic digestion of liver is  increased. 
The  influence  of reaction  upon autolysis of organs  has been  ex- 
haustively  studied.  Investigation  of this  subject  was  first  carried 
,on  by pupils  of  Salkowski  shortly  after  the  discovery of the  proc- 
ess  of  autodigestion.  Schwiening 9  has  found  that  sodium  car- 
bonate  inhibits  the  autolytic  process,  and  Biondi 1°  has  demon- 
strated  a  favorable  influence  of  hydrochloric  acid  on  autodiges- 
tion  of  liver.  Hedin  and  Rowland, 11  whose  investigations  were 
made  with  tissue  plasma  obtained  by Buchner's  method,  have  es- 
tablished  that  self-digestion  in  the  majority  of  organs  is  facili- 
tated by the presence of o.2 5 per cent.  acetic acid.  It  is depressed 
by the presence of alkalies,  of calcium carbonate and of magnesium 
oxide.  Wiener 12 has  also demonstrated  the  sensitiveness  of  auto- 
lytic enzymes  to  alkali,  and  has  shown  that  alkalinity  correspond- 
ing to that of the blood practically checks their power to effect pro- 
tein decomposition.  From this observation he urges that proteolytic 
endo-enzymes can not be of great  physiological importance  during 
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the normal life of the cell, and autodigestion of tissue in living or- 
ganisms occurs only in areas in which the blood supply has been re- 
duced.  Such  an  opinion  cannot be  regarded  as  conclusive,  since 
many investigators  have  observed  the  power  of  tissues  to  digest 
themselves in  alkaline  medium.  In  addition,  proteolytic  enzymes 
acting best  in alkaline medium are well  known in  polymorphonu- 
clear leucocytes, and Hedin  1~ has been able to demonstrate the pres- 
ence of such an enzyme in the cells of the spleen. 
Baer and Loeb  14 have tested the effect of varying concentrations 
of acid and alkali upon autolysis of liver.  Their experiments show 
the  usual  favoring  influence  of  acid,  and  they  have  obtained  a 
greater  relative  degree  of  digestion  in  alkali  than  has  been  ob- 
served by other investigators.  They demonstrated an optimum of 
concentration of alkali  in which the degree of autolysis is  greater 
than  that  found  in  neutral  medium.  Because  of  this  fact,  they 
suggest  the  possible  presence  of  an  alkaline  enzyme.  Schryver  15 
has  found  that  the  favorable  influence of  acid  upon  autolysis  is 
dependent  upon  the  absolute  amount  of  acid  added  and  is  not 
specially affected by  dilution.  He  thinks  that  acid. effects a  neu- 
tralization  of  tissue  bases  which  control  the  activity of  the  auto- 
lyric enzyme.  Hedin  TM  has  made the  interesting  observation  that 
after pretreatment of certain tissues, namely, liver, kidney, thymus, 
spleen, muscle, and testicle,  with 0.2  per cent.  acetic acid and sub- 
sequent  neutralization  of the  acid,  autodigestion  in  0.2 5  per  cent. 
sodium  carbonate  is  increased.  Carrying  these  studies  further 
with  the  spleen,  Hedin has  been able  to  demonstrate an  anti-pro- 
teolytic action of expressed spleen juice.  This  anti-enzymotic ac- 
tion  of  the  juice  is  exerted  against  the  alkaline  enzyme  of  the 
spleen,  and  is  destroyed by  pretreatment with  acid,  the  increased 
digestion in alkali after acid treatment being thus explained. 
Much  interest is  attached  to  the  fact that,  notwithstanding  the 
presence of  destructive agents  in all  living tissues,  organs succeed 
in  guarding  their  integrity.  In  recent years  much  attention  has 
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been centered on the anti-enzymotic properties of blood serum, and 
of  organ  extracts.  Weinland 17  has  shown  that  the  stomach  does 
not  digest  itself  because  of the  presence  of an  anti-enzyme  in  the 
cells of the  gastric  mucosa.  Intestinal  worms  resist  the  action of 
the  digestive juices by means  of the  anti-enzymes  which  they con- 
tain.  Hahn, TM  Landsteiner, 19  Hedin  2°  and  others  have  found sub- 
stances  in  blood  serum  which  are  able  to  check  the  proteolytic 
action of trypsin.  Opie  21 has  demonstrated  that  a  similar  anti-en- 
zymotic power over the alkaline  enzyme of the  polymorphonuclear 
leucocytes  is  possessed  by  the  serum.  Many  recent  studies  have 
shown an increase, in the anti-tryptic  power of the blood in cachec- 
tic  conditions,  notably  in  cancer  and  in  chronic  pulmonary  tuber- 
culosis.  The  stimulus  to the  production  of anti-tryptic  substances 
has  been  variously  assigned  to  enzyme  freed  from  disintegrating 
leucocytes, to pancreatic trypsin and to increased intracellular  enzy- 
motic  activity,  or  to  combinations  of  the  above  factors.  Blood 
serum has, likewise, an inhibiting  effect upon the progress  of tissue 
autolysis.  The  anti-tryptic  action  of  the  blood  is,  however,  ex- 
erted only against  alkaline enzymes such as trypsin and the enzyme 
of  polymorphonuclear  leucocytes.  Hedin  22  has  shown,  on  the 
other hand,  that blood serum does not effect inhibition  when added 
to  that  proteolytic  enzyme  of  spleen  which  acts  in  acid  medium. 
Since this enzyme is the more conspicuous of the autolytic enzymes 
the  influence  of  blood  serum  upon  autolysis  appears  somewhat 
limited. 
Methods.--The  tissues  used  in  the  following  experiments  were 
obtained  from  healthy  normal  dogs.  Where  normal  tissue  has 
not been used  a  special  note  is  made.  The  animals  were  anesthe- 
tized with ether, and rapidly bled to death  from the carotid arteries. 
The  organ  used  for the  study of  autolysis  was the  liver.  In  cer- 
tain  instances  beef serum  denaturalized  by heat  was  added  to  the 
autolysing mixture  as  substrate.  The  autolytic  mixtures  were  in- 
1T Weinland,  Zeit. f. Biol.,  19o3, xliv, 45. 
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cubated  in  the  thermostat  at  37°C.  for  five  days.  Toluol  was 
added  in  sufficient  quantity  to  prevent  bacterial  growth.  At  the 
conclusion  of  the  period  of  digestion  the  coagulable  protein  was 
precipitated  by boiling  with  weak  acetic acid  and  twenty  per  cent. 
magnesium  sulphate.  The coagulum was  removed by filtering and 
the incoagulable nitrogen of the filtrate determined by the  Kjeldahl 
method.  The  amount  of  digestion  is  expressed  in  cubic  centi- 
meters  of  N/Io  sulphuric  acid.  Controls  were  made  in  each  in- 
stance  by  boiling  immediately  equal  quantities  of  the  materials 
used and determining the incoagulabte nitrogen of the filtrate.  The 
figures given represent the  amounts  of digestion  after the  subtrac- 
tion  of  controls. 
AUTOLYSIS  OF  NORMAL  LIVER  IN  MEDIA  OF  VARYING  REACTION. 
In  a  number  of  experiments  the  autolytic  power  of  liver  in 
acid,  neutral  and  alkaline  media  was  determined.  The  liver  was 
minced  immediately  after  the  death  of  the  animal  and  the  power 
of  self-digestion  tested.  In  some  instances  denaturalized  beef 
serum  was  used  as  substrate.  All  digestion mixtures  were  diluted 
to  twenty-five  cubic  centimeters  with  0.8 5  per  cent.  salt  solution. 
A  few  of  the  experiments  performed  are  cited  as  examples. 
In  Experiments  I  and  II  the  animals  were  anesthetized  with 
ether and  bled  to  death  from the  carotid  arteries.  The  liver  was 
aseptically  excised  without  perfusion  and  rapidly  passed  through 
a  hashing machine.  Beef serum denaturalized by heat was  used as 
substrate.  The  digestion  flasks  were  incubated  for  five  days  at 
37°C. 
EXPERIMENT  I. 
Quantity of Liver.  Medium.  Digestion. 
2.5  gins.  0.2 per cent.  acetic acid  36.5 c.c. N/Io H=S04 
2. 5 gms.  neutral  6.7 c.c. N/Io H=SO4 
2. 5 gins.  0.2 per cent.  sodium carbonate  3.5  c.c. N/Io H.,SO, 
EXPF2,.IMENT II. 
Quantity of Liver.  Medium.  Digestion. 
2.5 gms.  0.2 per cent.  acetic acid  29.4 c.c. N/Io H=SO, 
2.5 gins.  neutral  7.9 c.c. N/Io H=SO4 
2. 5 gins.  o.2 per cent.  sodium carbonate  2.0 c.c. N/io H=SO~ A.  R.  Dochez.  671 
In the above experiments the degree of digestion in 0.2  per cent. 
sodium  carbonate  is  lower  than  that  usually  observed  because  of 
the inhibiting influence of the heated beef serum. 
In Experiments III to VII no substrate was added.  Otherwise, 
they  resembled  Experiments  I  and  II. 
EXPERIMENT III. 
Quantity" of Liver.  Medium.  Digestion. 
2.  5  gins.  O.2  per  cent.  acetic acid  2o.7  c.c.  N/io  H2SO, 
2.5  gins.  o.2  per  cent.  sodium carbonate  3.6  c.c.  N/Io  H2SO, 
EXPERIMENT IV. 
Quantity of Liver.  Medium.  Digestion. 
2.5  gms.  O.2  per  cent.  acetic  acid  o.5  c.c.  N/IO  H2SO, 
2.5  gms.  neutral  8.7  c.c.  N/Io  H,SO4 
2.5  gms.  o.2  per  cent.  sodium carbonate  4.4  c.c.  N/Io  H2SO4 
The total absence of digestion  in  acid medium  in this  experiment  is difficult 
to explain, but is obviously referable to a technical error. 
EXPRIIIMENT V. 
Quantity of Liver.  Medium.  Digestion. 
2.5 gms.  o.4 per cent.  acetic acid  35.6 c.c.  N/Io  H,SO, 
2.5  gins.  o.2 per cent. acetic acid  34.8 c.c.  N/Io  H2SO4 
2.5  gms.  neutral  II.  3  c.c.  N/io  H2SO, 
2.5  gms.  0.2  per  cent.  sodium carbonate  4.8 c.c.  N/io  H,SO, 
2.5  gins.  o.4  per  cent.  sodium carbonate  0.6  c.e.  N/io  H,SO4 
EXPERIMENT VI. 
Quantity" of Liver.  Medium.  Digestion. 
2.5  gms.  o.2  per  cent.  acetic  acid  23.7  c.c.  N/Io  H2SO, 
2.5  gins.  neutral  9.2  c.c.  N/io  H2SO, 
2.5  gms.  o.2  per  cent.  sodium carbonate  I2.2  c.c.  N/Io  H2SO~ 
2.5  gins.  o.4 per  cent.  sodium carbonate  m.4 c.c.  N/io  H2SO~ 
The  liver  was  carefully  perfused  with  salt  solution  in  the  fol- 
lowing experiment in order to determine the influence upon autoly- 
sis  of the  small  amount of blood left in  the  vessels  after bleeding. 
The  duration  of  incubation  was  two  days. 
EXPERIMENT VII. 
Quantity of Liver.  Medium.  Digestion. 
5  gins.  O.2  per cent.  acetic  acid  43.I  c.c.  N/io  H2SO4 
5  gins.  neutral  n.9  c.c.  N/io  H2SO~ 
5  gms.  0.2  per  cent.  sodium carbonate  7.4  c.c.  N/Io  H2SO, 672  Intracellular  Proteolytic  Enzymes  of  Liver. 
The results obtained in the foregoing experiments are typical of 
autolysis of normal liver.  They confirm the observations of prev- 
ious  investigators  for they show  the  decidedly favoring  influence 
of an acid medium upon the self-digestion of animal tissue.  Auto- 
lysis progresses much less  rapidly in  neutral medium,  the  amount 
being  in  most  instances  less  than  one-half  that  observed  in  acid. 
As a  rule, a  still  further reduction occurs in alkaline medium, and 
in  some  instances  the  degree of  digestion  is  ahnost  trivial  when 
compared  with  the  corresponding  amount  in  acid.  Experiment 
VII  shows  that  washing  out  by  perfusion  the  small  amount  of 
serum that remains in the vessels of the liver after exsanguination 
has  practically no  influence upon the  relative amount of  autolysis 
in  acid,  neutral  and  alkaline  media.  Inasmuch  as  inhibition  of 
autolysis  has  been observed  in  expressed  tissue  juices  after  thor- 
ough perfusion,  it  is  manifestly impossible  to  free tissue  from all 
inhibiting  substances.  Experiments V  and VI  represent two  dif- 
ferent  types  of  autolytic  activity  occurring  in  normal  liver.  In 
both instances what is probably the maximal amount of proteolysis 
is developed in acid medium.  In Experiment V  the activity of di- 
gestion sinks markedly in alkaline medium, and when a  concentra- 
tion  of  o.4  per  cent.  sodium  carbonate  is  reached,  no  proteolysis 
occurs.  On the other hand,  in  Experiment VI  a  second optinmm 
of  digestion  occurs  in  alkaline  medium  and  this  high  degree  of 
autolytic activity is  maintained even in  a  concentration of o.4  per 
cent.  sodium  carbonate.  The latter  type  of  activity is  rarely ob- 
served in autolysis of normal liver.  A  similar observation has been 
reported by Baer and Loeb3 a  Inasmuch as it will be shown later 
that  liver  contains  a  masked  alkaline  enzyme whose  activity  can 
be developed by appropriate methods, the result obtained in Experi- 
ment  VI  suggests  that  the  activity  of  this  enzyme is  subject  to 
marked variations during life. 
An  attempt  was  made  to  duplicate,  in  two  additional  experi- 
ments, the second optimum of activity in  alkaline media,  which I 
have  described  above.  Normal  liver  was  allowed  to  autolyze in 
strengths of acid and alkali varying from one per cent.  acetic acid 
to  one per cent.  sodium carbonate. 
Baer and Loeb, loc. cir. A.  R.  Dochez.  673 
EXPERIMENT VIII--The  liver of a  normal dog with no perfusion was excised 
aseptically  and  rapidly  hashed.  Denaturalized  beef  serum  was  added  as  sub- 
strate;  the duration of digestion was five days at  37°C. 
Quantity of Liver.  Medium.  Digestion. 
1.25  gins.  0.6  per  cent.  acetic  acid  24.5  c.c.  N/Io H2SO, 
1.25  gins.  o.4  per  cent.  acetic  acid  23.8  c.c.  N/Io  H2SO, 
1.25  gins.  o.3  per cent.  acetic  acid  22.5  c.c.  N/IO  H2SO, 
1.25  gins.  o.2  per  cent.  acetic  acid  21.6  c.c.  N/Io  H2SO, 
1.25  gins.  o.I  per  cent.  acetic  acid  19.5  e.c.  N/Io  H2S0, 
1.25  gins.  neutral  8.2  c.c.  N/lo  H,  SO, 
1.25  gins.  o.i  per  cent.  sodium carbonate  8.3  c.c.  N/ro  H2SO, 
1.25  gins.  o.2  per  cent.  sodium carbonate  2.2  c.c.  N/io  H2S0, 
1.25  gins.  o.3  per  cent.  sodium carbonate  2.3  e.c.  N/Io  H~SO, 
1.25  gins.  o.4 per  cent.  sodium carbonate  2.5  c.c.  N/io  H2SO, 
1.25  gins.  0.6 per  cent.  sodium carbonate  3.0  c.c.  N/IO  H2SO, 
EXPERIMENT IX.--In this experiment no  substrate was added  to  the  autolytic 
mixtures.  Otherwise it  resembled Experiment VIII. 
Quantity of Liver.  Medium.  Digestion. 
2. 5  gins.  I.O per  cent.  acetic  acid  35.9  c.e.  N/io  H.SO, 
2. 5  gms.  o.6  per  cent.  acetic  acid  34.3  c.c.  N/IO  H~SO, 
2.5  gms.  o.4  per  cent.  acetic  acid  35.6  c.c.  N/Io  H2SO, 
2.5  gms.  0.2  per  cent.  acetic  acid  34.8  c.c.  N/lo  H~SO, 
2.5  gms.  o.I  per  cent.  acetic  acid  31.5  c.c.  N/Io  H2SO, 
2.5  gms.  neutral  11.3  e.c.  N/Io  H2SO, 
2.5  gms.  o.I  per  cent.  sodium carbonate  13.o  c.e.  N/Io  H2SO, 
2.5  gms.  o.2  per  cent.  sodium carbonate  4.8  c.c.  N/Io  H~SO, 
2.5  gms.  0.4  per  cent.  sodium carbonate  0.6  c.c.  N/Io  H~SO4 
2.5  gins.  o.6  per  cent.  sodium carbonate  0.5  c.c.  N/Io  I-I~SO~ 
2.5  gms.  I.O per  cent.  sodium carbonate  o.7  c.e.  N/Io  H2SO, 
The results obtained in these two  instances are practically iden- 
tical.  A  maximum of digestion  is  obtained  in  all  grades  of acid 
media, but very slight increase occurs in the higher concentrations 
of  acid.  An  abrupt  fall  of  activity  is  manifested  in  neutral 
medium.  In o.I  per cent. sodium carbonate the amount of autoly- 
sis  is  somewhat  higher  than  that  observed  in  neutral.  When  a 
strength of o.2 per cent. sodium carbonate is reached, another drop 
in activity takes place and reduces the degree of autolysis to a  very 
small  amount.  In  Experiment  VIII  no  further  reduction  occurs 
on  increasing  the  concentration  of  alkali;  in  Experiment  IX  a 
concentration of o.  4  per cent.  sodium carbonate completely checks 
autolysis.  The only evidence in these two experiments of the pres- 674  Intracellular  Proteolytic  Enzymes  of Liver. 
ence of an  enzyme  acting  best  in  alkaline  medium  is  the  equal  or 
slightly  increased  amount  of  autolysis  that  is  observed  in  o.I  per 
cent.  sodium  carbonate. 
THE  EFFECT  OF  STANDING  UPON  THE  ENZYMOTIC  ACTIVITY  OF 
LIVER. 
When  fresh normal liver is allowed to stand on ice for consider- 
able periods of time, and its power of autolysis determined  at vary- 
ing intervals,  a  striking  increase of autolytic activity in neutral  and 
alkaline  media  is observed. 
EXPERIMENT X.--In this experiment the liver of a  dog poisoned by phosphorus 
was  used.  The  liver  was  excised  aseptically  after  being  thoroughly  perfused 
with  salt  solution.  It  was  rapidly  hashed  and  diluted  with  0.85  per  cent.  salt 
solution.  Two  flasks  were  prepared;  the  liver  in  one  was  allowed  to  stand  at 
neutral  reaction,  and  in the other,  in a  concentration  of o.I  per cent.  sodium car- 
bonate.  Both  flasks  were kept on ice.  Sufficient quantities  of toluol  were added 
to  each flask to inhibit the growth  of bacteria.  Tests  of  the autolytic activity in 
acid,  neutral  and  alkaline  media  were  made  immediately.  Each  autolytic  mix- 
ture  contained  0.5  grams  of  liver;  the  duration  of  digestion  was  five  days  at 
37°C.  Beef serum denaturalized by heat was  used as substrate.  For this experi- 
ment I  am indebted  to  Miss  B.  I.  Barker. 
The  figures  represent  cubic centimeters  of  N/Io sulphuric  acid. 
Liver  kept  in 0.85 per cent.  salt solution  at  neutral  reaction. 
Medium. 
o. 2 gb acetic acid 
neutral 
0.2 ~b sodium carbonate 
Duration of perio____~d  of standing before tests were made~ 
Fresh.  8 days.  2o days.  29 days.  36 days.  44 days.  5x days. 
H,oc.e.  I3.OC.C.  xo.9c.c,  xl.8c.c.Jm.3c.c.lm.9c.c.19.I  c.c. 
/  x.9c.c.[  t.4c.c.[  3.5c.c.  3.2c-c.  z.3c.cq  3.4c.c.  3.6c.c. 
I  o.5c.c.1  2.2c.c. I  4.oc.c.1  5.4c.c. I  5.oc.cq  4.9c.c. 15.1  c.c. 
Liver kept in  0.85 per cent.  salt solution in o.x  per cent.  sodium  carbonate. 
/  Duration of period of standing before tests were  made__ 
Medium.  / 
Fxelh.  8day  .... days.  ~9da3s. 36days. 444days.  I  5Idays.  1 
--III.OC.C.  II.OC.C. IO.3C.C. IO.9C.C. IO.5  c.c.  9.1 C.C. 
1.9c.c q  z.3c.c. I  4.6c.cq  2.6c.c.  2.4c.c.  4.1  c.c.  3. Ic.c. 
] 0.5 c.c.  l 1.3 c.c.  I L9 C.C.  l 2.Z C.C.  1 2.6 C.C.  1  3.8 c.c.  146 c.c. 
o.z  %  acetic  acid 
neutral 
o.2  %  sodium carbonate A.  R.  Dochez.  675 
EXPERIMENT  XI.--Healthy  normal  dog's  liver  was  used  for  this  experiment. 
The  animal  was  bled  to  death  from  the  carotid  arteries  and  the  liver  was  not 
perfused.  Otherwise,  the  same  details  were  observed as  in  Experiment  X.  To 
one  part  of  the  liver,  however,  sufficient  sodium  carbonate  was  added  to  make 
the concentration o.2 per cent.  For each test of autolysis 2.5  grams of liver were 
used.  The  duration  of  digestion  was  five  days  at  37°C.,  and  denaturalized  beef 
serum  was  used as  substrate. 
The  figures represent cubic  centimeters of  N/IO  sulphuric  acid. 
Liver  kept in  0.85 per cent.  salt solution at neutral  reaction~ 
Duration of period of standing before tests were made. 
Medium.  Fresh.  io days.  20 days.  31 days.  45 days.  55 days. 
o.2~  acetic acid  29. 4 c.c.  20. 9 c.c.  23.7 c.c.  20. 7 c.c.  20.7 c e.  z7.6 c.c. 
neutral  /  7.9 c.c.  x6. 3 c.c.  /  9.9 c.c.  122.9 c.c.  117.9 c.c.  121.7 c.e. 
o.:z~  sodium carbonate l  2.oc.c. I 7"6c'c"  /  3"I e'c" I 17"4c'c" ll5"°c'e"  124"zc'e" 
Liver  kept  in  0.85  per  cent.  salt  solution  in  0.2  per  cent.  sodium  carbonate. 
Medium.  ~m at~~fc  re tests wel e mace. 
Fresh.  xo days.  20 days.  3  x days.  45 days.  55 days. 
O.2%  acetic acid  29.4 c.c.  16. 9 c,c.  x7.5 e.c.  x5.6 c.c,  16.4 c.c.  tS.t e.c. 
neutral  7.9 c.c.  x6.6 c.c.  t6. 5 c.c.  2o.9 c.c.  x6. 7 c.e.  [ 2L6 c.c. 
0.2%  sodium carbonate I[  2.0 c.e.  I  4.0 c,c.  I  1.2 c.c.  /II,O c.¢.  I  7.4 ¢.e.  [ I3"° c,e, 
]~XPERIMENT  XII.--The  liver  used  in  this  experiment  was  obtained  from  a 
normal  dog.  The  animal  was  bled  to  death  and  the  liver  was  not  perfused. 
The method  was  the  same as  in  Experiment  XI,  except that  in  this  instance no 
substrate was added.  In each test of autolysis 2.5  grams of liver were used. 
Liver  kept in  0.85 per cent.  salt solution at neutral  reaction. 
t  Duration of period of standing before tests were made. 
Medium.  x  5 days.  37 days.  Fresh.  _  ..... 
O.2~  acetic acid  /2o.7 e.c. N/to HzSO  4 II7170 c.c. N/to  HzSO,/14.6 c.c  N/to HzSO  t 
0.2,°,o sodium carbonate  /  3.6 c.c.  c,c.  ]I5.o c.e. 
Liver  kept in 0.85 per cent.  salt solution in  0.2 per cent.  sodium  carbonate. 
Medium,  ,  Fresh.Durati°nH  of period of standingz5  days.bel°re tests were made.37  days. 
O.2% acetic acid  2o.7c.c.N/lo  sSO~ I  c.c. N/IoH~SO411o.Sc.c.  N/xoHzSO  ~ 
o.2% sodium carbonate  3.6c.c.  °14 c.c.  ] I4.6c.c. 
In the above experiments  tests of the  reaction  of the liver  solu- 
tion  allowed  to  stand  were  made  from  time  to  time.  The  liver 676  Intracellular  Proteolytic  Enzymes  of Liver. 
kept in salt solution developed a  weak acidity, but in that to which 
alkali was added immediately, the alkaline reaction was maintained 
constantly  throughout  the  experiment.  At  no  time  was  it  possi- 
ble to  demonstrate the presence of bacteria;  in  fact,  liver extracts 
which have been kept on ice  for some time have been found to  be 
powerfully bacteriolytic.  In all the experiments it is apparent that 
the  addition  of  acid  to  the  autolytic  mixtures  of  fresh  liver 
develops  a  maximal  activity  and  the  degree  of  autolysis  in  acid 
medium  is  not  increased  as  the  liver  stands,  but  tends  rather  to 
diminish  slightly.  This  diminution  is  more  evident  in  the  liver 
which  stands  in  alkaline  solution  than  in  that  to  which  no  alkali 
has been added.  Immediate autolysis of fresh liver in neutral and 
alkaline medium is  observed to be relatively low.  Upon standing, 
however, a  striking increase in both media occurs until, as is shown 
in  Experiments  XI  and  XII,  the degree of  autolysis exceeds that 
observed  in  acid.  The  rate  of  increase  of  activity  is  slower  in 
liver kept in alkaline solution than in that kept in neutral medium. 
The  presence  of  alkali  retards  but  does  not  prevent  the  activa- 
tion  of  the  enzyme  acting  in  alkaline  medium.  The  periods  of 
diminished activity in neutral and alkaline medium observed  from 
time to time are somewhat difficult to explain, but possibly depend 
upon the development of inhibiting substances during the slow dis- 
integration that proceeds while the liver stands on ice.  The increase 
of autolytic activity in neutral and alkaline medium might be sup- 
posed  to  be  due  to  a  slow  destruction  of  the  anti-enzyme of  the 
serum, but this  destruction is rendered improbable by the observa- 
tion that the same increase occurs in liver thoroughly perfused, and, 
moreover,  in  liver kept  continuously in  alkaline solution;  alkaline 
reaction  not  only  preserves  the  serum  anti-enzyme,  but  even  in- 
creases somewhat its anti-proteolytic power.  The increase of pro- 
teolytic activity observed in  these experiments is  analogous  to  the 
increase of tryptic activity observed by Vernon  24 in kept pancreatic 
extracts.  This increase Vernon attributes to the slow conversion of 
trypsinogen into active trypsin.  It is probable, therefore, that alike 
process  occurs  in  kept  liver,  and  normal  liver  contains  two  pro- 
teolytic enzymes, one acting best in  alkaline and the other in  acid 
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medium.  The  alkaline  enzyme  in  fresh  tissue,  however,  exists 
in an inactive state,  so that the amount of immediate autolysis in 
alkali  is  slight.  Upon  standing,  the  inactive  enzyme  is  slowly 
converted into active enzyme and a  corresponding rise in autolytic 
activity  in  alkaline  medium  results.  If  the  acid-acting  enzyme 
exists in the cell also in an inactive form, it is readily activated by 
the presence of acid and,  consequently, even when  fresh tissue  is 
used,  exhibits  its  maximal  activity  in  acid  medium.  It  will  be 
shown later in this paper that the enzyme of liver gcting in alkaline 
medium can be activated by treatment with  acid.  The activating 
influence of  acid  upon  trypsinogen  of  fresh  pancreas  has  been 
known  for many years. 
THE  EFFECT  UPON  SUBSEQUENT  AUTOLYSIS  OF  PRETREATMENT  OF 
LIVER  WITH  ACID AND  WITH  ALKALI. 
Hedin ~5 has published the interesting observation that treatment 
of  certain animal  organs  for  from  sixteen  to  twenty-four hours 
with  0.2  per cent.  acetic  acid  increases  the  degree of  subsequent 
auto-digestion in  alkaline  medium.  This  increase  he  has  shown 
to be due in the spleen to the destruction by acid of an anti-enzyme 
which holds in check the weak alkali-acting enzyme which is pres- 
ent.  In experiments which follow, the methods used by Hedin have 
been applied with some modifications to autolysis of liver.  By these 
means it  has  been possible  to  produce rapidly an  increase of  the 
proteolytic activity of the enzyme acting in alkaline medium. 
The livers used in the following experiments were obtained from 
healthy  normal  dogs.  They  were  excised  aseptically  and  were 
minced  by  passing  rapidly  through  a  hashing  machine.  Three 
flasks  of  liver  were  prepared  for  each  experiment  and  all  were 
diluted  with  a  quantity  of  physiological  salt  solution,  equal  in 
amount  to  the  number  of  grams  of  tissue  used.  To  one  flask 
acetic acid was added until the required concentration was reached, 
to another sodium hydrate was added to a  like concentration, and 
the third flask was kept at neutral reaction.  All the mixtures were 
allowed to stand  for twenty-four hours on  ice,  and then the acid 
flask was  neutralized with  N/IO  sodium hydrate and the alkaline 
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flask  with  acetic  acid.  Corresponding  amounts  of  sodium  hydrate 
and  acetic  acid  were  not  added  to  the  neutral  flask  because  the  re- 
sulting  salt  was  found  to  exercise  no  influence  upon  autolysis. 
After  neutralization  equal amounts  of  the liver mixtures  were  with- 
drawn  from  each  flask  and  allowed  to  autolyze  in the thermostat  in 
acid,  neutral,  and  alkaline  media.  In  the  earlier  experiments  de- 
naturalized  beef  serum  was  added  to  each  flask  as  substrate,  but  its 
use  was  later  discontinued.  Toluol  was  used  in  all  experiments 
as  an  antiseptic. 
EXPERIMEST XIII.--The liver was  obtained  from a  normal  dog bled to  death 
from  the  carotid  arteries.  It  was  excised  aseptically  without  perfusion  and 
passed  rapidly  through  a  hashing  machine.  The  liver  was  prepared  for  pre- 
treatment as follows :  5 grams of liver q- 2o c.c. salt solution ;  5 grams of liver ~- 15 
c.c.  salt  solution ~  5  c.c.  I  per  cent.  acetic  acid;  5  grams  of  liver ~  15  c.c.  salt 
solution ~  5 c.c.  I  per cent.  sodium  hydrate. 
All the  flasks  were  allowed to  stand  for twenty-four  hours  on  ice,  when  the 
acid and  alkali  were carefully neutralized,  and  portions  of  liver from  each  flask 
allowed  to  autolyze  in  acid,  neutral,  and  alkaline  media  for  five days  at  37°C. 
Denaturalized  beef  serum  as  substrate  was  used  in  each  mixture.  Each  flask 
contained  one  gram  of  liver.  The  figures  given  represent  the  amount  of  diges- 
tion  after  the  subtraction  of  controls. 
Treated with  Treated with 
Medium.  o.2~ acetic acid.  Untreated.  o.2~ sodium hydrate. 
o.2~ acetic acid  I4.3c.c.N/1oH~SO,  I6.6c.c.N/IoH2SO,  7.oc.c.N/mH2SOo 
Neutral  6.I c.c. N/Io H~SO4  4.3 c c. N/Io H2SO,  1.4 c.c. N/Io H2SO, 
o.2~  sodium  car-  l  4.7c.c. N/IoH2SO,  3.4c.c. N/loH~SO,  i.oc.c. N/roH2SO, 
bonate  J 
EXPERIMENT XIV.--The  liver  of  a  normal  dog  was  excised  aseptically  and 
washed  by  being  thoroughly  perfused  with  salt  solution.  The  liver  was  pre- 
pared  for  pretreatment  as  follows:  IO grams  of  liver-i-2o c.c.  salt  solution;  Io 
grams of liver 2  y I7.6 c.c. salt solution -~- 2.4 c.c.  5 per cent.  acetic acid ;  Io grams 
of  liver ~  I7.6 c.c.  salt  solution -[- 2.4 c.c.  5 per cent.  sodium  hydrate. 
The  flasks  were  allowed  to  stand  for  twenty-four  hours  on  ice.  The  acid 
and  alkali  were  then  carefully  neutralized  and  the  liver  allowed  to  autolyze  in 
acid,  neutral,  and  alkaline  media  with  denaturalized  beef  serum  as  substrate. 
The duration of digestion was five days at 37°C.  Each flask contained 2.5  grams 
of liver.  The controls have been subtracted  from the amounts of digestion noted. 
Medium. 
O.4~ acetic acid 
Neutral 
o.2~  sodium  car-  ) 
bonate 
Treated with  Treated with 
o.4~ acetic acid.  Untreated.  o.4~ sodium hydrate. 
27.7 C.C. N/to H~SO,  37.3 c.e. N/Io H,S04  1.3 e.e. N/IO H2SO, 
15.6 c.c. N/Io H2SO,  Io.5 c.c. N/IO H2SO,  lO.4 c.e. N/Io H2SO, 
5.6 c.c. N/IO H2SO4  I. 5 c.c. N/IO H2SO,  9.5 c.c. N/IO H~SO, A.  R.  Dochez.  679 
From  the liver used  in  this experiment  another  series  of  flasks  was  prepared 
in  the  manner  described  above.  Instead  of  standing only  twenty-four  hours  at 
the various reactions, they were allowed to stand for six days before neutralization. 
Medium. 
O.4# acetic acid 
Neutral 
o.2#  sodium  car-  ) 
bonate 
Treated with  Treated with 
o.49 acetic acid.  Untreated.  o.4~ sodium hydrate. 
26.I C.C. N/IO H~SO,  37.1 c.c. N/IO H2SO,  o.7 c.c. N/IO H2SO, 
16.3 c.c. N/IO H2SO,  15.4 c.c. N/IO H2SO,  6.5 c.c. N'/IO H,SO, 
13.5 c.c. N/IO H~SO,  3.2 c.c. N/IO H2SO,  8.I c.c. N/IO H2SO0 
EXPERIMENT  XV.--Normal  dog's  liver  was  excised  aseptically  and  rapidly 
hashed.  Two  series  of  flasks  were  prepared.  In  one  series  the  liver  contained 
what  blood  remained  in  the  vessels  after  bleeding,  and  in  the  other  the  cells 
were  carefully  washed  by  centrifugatization  with  physiological  salt  solution. 
Each  series  consisted  of  two  flasks,  the  liver in  one  of  which  was  treated  with 
o.2  per  cent.  acetic  acid  for  twenty-four  hours  on  ice,  and  the  other  allowed  to 
stand  for  the  same  period  of  time  at  neutral  reaction.  The  acid  flasks  were 
neutralized  with  N/IO  sodium  hydrate  before  the  preparation  of  the  autolytic 
mixtures.  Each  flask of  the latter  contained  five grams  of  liver.  No  substrate 
was  added.  The  controls  have been  subtracted.  The  lower  degree  of  autolysis 
observed  in  the washed  cells  is  dependent  upon  the  loss  of  liver  enzyme  during 
the process of  washing and centrifugalization. 
Unwashed  cells. 
Treated with 
Medium.  o.25¢ acetic acid. 
0.2~ acetic acid  45-4 c.c. N/Io H2SO~ 
Neutral  31.1 c.c.  N/IO H~SO4 
o.2~ sodium carbonate  19.  7 c.c. N/Io H2SO4 
Untreated. 
49-9 c.c. N/IO H2SO, 
16.4 c.c. N/IO H2SO4 
17.9 c.c. N/IO H2SO, 
Washed  cells. 
Treated with 
Medium,  o.2~ acetic acid. 
0.2¢ acetic acid  2o.2 c.c. N/Io H2SO4 
Neutral  I3.3 c.c. N/Io H2S04 
o.2.~ sodium carbonate  16.7 c.c.  N/lo H2SO, 
Untreated. 
26.1 c.c. N/IO H:SO, 
12.7 c.c. N/IO H2SO4 
lO.2 c.c. N/IO H2SO4 
EXPERIMENT  XVI.--The  liver  was  obtained  from  a  normal  dog.  It  was 
excised aseptically and hashed without being perfused,  Flasks were prepared  for 
pretreatment  as  follows:  IO grams  of  liver +  20  c.c.  salt  solution;  IO grams  of 
liver +  17.6 c.c. salt solution +  2.4 c.c.  5 per cent. acetic acid;  IO grams of liver + 
17.6 c.c. salt solution +  2. 4 c.c.  5 per cent. sodium hydrate. 
All  flasks  were  allowed  to  stand  twenty-four  hours  on  ice,  after  which  the 
acid and alkali were neutralized.  The liver was allowed to autolyze for five days 
at  37°C.  No  substrate  was  added.  Each  autolytic  mixture  contained 2.5  grams 
of  liver.  The controls have been substracted. 680  Intracellular Proteolytic Enzymes  of Liver. 
Medium. 
0.2~ acetic acid 
Neutral 
o.4~ sodium car-  ) 
bonate 
Treated with  Treated with 
o.4# acetic acid.  Untreated.  o.45¢ sodium hydrate. 
22.  5 C.C. N/IO H2S04  34.8 c.c. N/IO H.~SO4  3.9 c.c. N/IO H2SO, 
I7.2 c.c. N/lO H=S04  I2.8 e.e. N/IO HaSO4  0.4 c.c. N/Io H=SO, 
I6.8 c.c. N/IO H~SO,  7.7 c.c. N/IO H=SO,  o.I e.c. N/Io H=SO, 
EXPERIMENT  XVII.--A  normal  dog  was  bled  to  death  from  the  carotid 
arteries.  The  liver  was  used  without  being perfused.  The  flasks  were  prepared 
for  pretreatment  as  follows:  IO grams  of  liver +  20  c.c.  salt  solution;  Io  grams 
of  liver+  17.6  c.c.  salt  solution+2.4  c.c.  5  per  cent.  acetic  acid;  IO  grams  of 
liver +  I7.6  c.c.  salt  solution +  2.  4  c.c.  5  per  cent.  sodium hydrate. 
All flasks stood  for  twenty-four hours on  ice.  The  acid  and alkali  were  then 
neutralized  and  the  autolytic  mixtures  prepared.  The  duration  of  digestion  was 
five  days at  37°C.  No  substrate  was  added.  This  liver  was  especially  active  in 
alkali  when  fresh, so that  it  was  impossible to  increase to any degree  the alkaline 
activity by acid  treatment.  Figures  representing digestion  are  given both  before 
and  after  the  subtraction  of controls  in  order  to  show how the  acid-treated  liver 
may  apparently  exhibit  no  increase  of  activity  because  a  high  control  must  be 
deducted  from  the  observed  amounts  of  digestion. 
The  figures  represent  cubic  centimeters of  N/Io  sulphuric acid. 
Medium. 
0.2 per cent. acetic acid 
Neutral 
0.2  per  cent.  sodium 
carbonate 
0.4  per  cent.  sodium 
carbonate 
Treated  with o.  4 per  Untreated. 
cent. acetic acid. 
Digestion 
observed 
25. 5 c.c. 
20. 9 c.c. 
z4.7 c.c. 
21.  4  e.c. 
Same witt  Digestion  Same with 
control  observed,  control 
subtracted  _ subtracted. 
14.8  c.c.  28.6  c.c.  I 23"2  c.c. 
lO.2  c.c.  t5.2  c.c.  i  9.8  c.c. 
14.o c.e.  18. 9  c.c.  I3. 5  c.c. 
IO. 7  c.c.  I  13.6 c.c.  8.z c.c. 
Treated with 0.4 per 
cent. sodium hydrate. 
Digestion  Same with 
~bserved.  control 
subtracted. 
6.9 C.C.  O.9 e.c. 
8.8  c.c.  2.8  c.e. 
9.2 c.c.  3.2 c.c. 
7.4 c.e.  1.4 e.e. 
These  experiments  are  in  agreement with  the  experiments  of 
Hedin  26 upon the effect of acid treatment upon autolysis of spleen. 
In  every  instance  treatment  of  liver  with  weak  acetic  acid  has 
markedly increased the amount of subsequent autolysis in sodium 
carbonate.  The increase of autolysis in alkali is in most instances 
paralleled  by  a  like  increase  in  neutral  medium.  The  degree of 
increased activity obtained is dependent upon the initial activity in 
alkali  of the liver when fresh and upon the  duration of the time 
of treatment.  Pretreatment of fresh liver with alkali differs from 
like treatment with  acid  for it  results  in  the destruction of prac- 
tically all  proteolytic power,  whatever the  subsequent medium of 
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digestion  may  be.  The  increase  of  activity  produced  by  acid 
treatment is not entirely due to the destructive action of acid upon 
the  anti-enzymotic power  of  any  serum  that  may  remain  in  the 
tissue, for in Experiment XV increase of autolysis in alkaline med- 
ium observed in cells  thoroughly washed in  salt  solution is  some- 
what greater than in those cells which have not been washed.  The 
addition  to  the  autolytic  mixtures  of  denaturalized  beef  serum 
causes  inhibition  of  autolysis  in  alkaline  medium.  To  this  ther- 
mostabile  inhibitory  power  is  attributable  the  comparatively low 
degrees of alkaline digestion after acid treatment of liver observed 
in those experiments in which heated serum has served as substrate. 
In acid medium, on the other hand, denaturalized serum is actively 
attacked. 
In discussing the increased activity of acid-treated liver in alka- 
line medium, two other  factors must be  considered.  It  has  been 
mentioned that  the degree to  which the activity of liver in  alkali 
can  be  increased  by  treatment  with  acid  is  dependent  upon  the 
power of the liver to undergo self-digestion in alkali  when fresh. 
Another  factor  which 'diminishes  the  apparent  activity  pro- 
duced by  acid  treatment  is  the  necessity  of  subtracting  a  large 
control  referable  to  autolysis  which  takes  place  on  ice  during 
pretreatment  with  acid.  Both  of  these  factors  are  well  il- 
lustrated  in  Experiment  XVII.  The  liver  in  this  experiment is 
more  active  in  alkaline  medium than  any that  has  been  studied. 
Consequently, the  increase of activity in  alkali  produced by acid 
treatment is  comparatively small,  and  because  the  difference be- 
tween the  controls  of the  acid-treated and  the  untreated liver  is 
large, entirely disappears when the figures representing controls are 
subtracted  from those  representing digestion.  Such  active  livers 
are, however, rarely observed, and the commonest type of activity 
is  illustrated  by  Experiment XVI,  in  which  acid-treatment more 
than  doubles  the  amount of  subsequent  autolysis  in  sodium  car- 
bonate. 
There  is  some  reason  to  believe  that  the  inactivity  following 
pretreatment of liver with o.4 per cent. sodium hydrate is  not re- 
ferable to the complete destruction of the proteolytic enzyme, but 
is due to the fixing of the enzyme in the inactive state in which it 682  Intracellular  Proteolytic  Enzymes  of Liver. 
exists within the liver cells.  In Experiment XIV the liver is  fairly 
active  in  neutral  and  alkaline  media  after  treatment  with  alkali, 
but  shows  no  activity in  acid  medium after the  treatment.  This 
has  been  observed  in  a  few  other  experiments and  the  possibility 
that the heated serum added in this instance contained a  substance 
capable  of activating the  alkaline enzyme of liver was  considered, 
but  attempts to  confirm this  observation  were  negative.  In  fact, 
all  attempts  to  reactivate  the  proteolytic  enzymes  of  liver  after 
alkaline  treatment  have  failed.  When  fresh  pancreas  is  treated 
with sodium hydrate there is the same inactivity observed as  after 
like  treatment  of  liver,  but  this  inactive  pancreatic  extract  can 
readily  be  activated  by  the  addition  of  enterokinase.  This  fact 
will be more fully discussed in a  future publication.  Furthermore, 
when liver which has become active in alkaline medium by standing 
is  treated  with  o.4  per  cent.  sodium  hydrate,  inactivity,  which 
occurs when fresh liver is  so treated, is not produced. 
From  the  experiments  detailed  above,  it  is  obvious  that  the 
effects of acid and of alkali treatment on  fresh liver are  distinctly 
opposite,  the  former  increasing the  proteolytic activity in  neutral 
and  alkaline media,  whereas  the  latter  diminishes or  totally abol- 
ishes activity in all media.  The power of alkali to decrease autoly- 
sis can scarcely be termed an inhibition of active enzyme but must 
be looked upon as a  preservation of the enzyme which acts in alka- 
line medium in an inactive condition.  When this enzyme has been 
activated,  for  instance,  by  standing  or  by  acid  treatment,  weak 
concentrations of  alkali  form  a  favorable medium  for  its  action. 
In contrast to  the  effect of alkaline treatment upon  the  proteo- 
lytic enzymes of liver and pancreas  is  its  effect upon the  alkaline 
enzyme of the  polymorphonuclear leucocyte of inflammatory exu- 
dates.  The  following experiment shows  that leucoprotease main- 
tains  its  activity when kept  continuously in  alkaline  medium and 
is  able  to  effect proteolysis after treatment with  sodium hydrate. 
EXP~aMENT  XVIII.--Leucocytes were obtained by injecting sterile aleuronat 
into the pleural cavity of a dog.  The resulting exudate was centrifugalized and 
the cells carefully washed with salt solution.  One part was treated with o.2 per 
cent. acetic acid for twenty-four hours on ice another was allowed to stand in 
neutral medium, and a third, in o.2 per cent. sodium hydrate for the same period A.  R.  Dochez.  683 
Medium. 
0.2# acetic acid 
Neutral 
o.4~  sodium car-  ) 
bonate 
of  time.  The  acid  and  alkali  were then  carefully neutralized  and  the  digestive 
power of the cells determined in acid, neutral, and alkaline media.  Denaturalized 
beef serum was used as substrate.  The same quantity of cells was employed for 
each test.  The controls have been subtracted. 
Treated with  Treated with 
o.a~  acetic acid.  Untreated.  o.2~ sodium hydrate. 
IO.9C.C. N/IO H2SO,  I2.3 c.c. N/IO H2SO,  1.2 c.c. N/IO H2SO, 
9.5 c.c. N/IO H2SO~  I2.8c.c. N/IO H2SO,  8.7 c.c. N/IO H2SO, 
9.7 c.c. N/IO H~SO,  9.7 c.c. N/IO H2SO,  5.6 c.c. N/IO H2SO, 
In  this  experiment acid  treatment has  not  increased  the  power 
of subsequent digestion in neutral medium or in sodium carbonate. 
Pretreatment with o.2  per  cent.  sodium hydrate does  not  destroy 
proteolytic  activity  later  tested  in  neutral  and  alkaline  medium, 
although the corresponding activity of liver and pancreas so treated 
is  destroyed.  The digestion observed in acid medium is  referable 
in  part  to  the activity of the mononuclear cells which  Opie  2~  has 
shown  contain  an  enzyme acting  in  acid  medium.  Inasmuch  as 
this  enzyme  is  very  sensitive  to  alkali,  it  is  almost  completely 
destroyed by treatment with sodium hydrate. 
EXPERIMENT  XIX.---The leucocytes obtained  from a  sterile abscess produced 
by turpentine were washed as in the previous experiment.  One part was allowed 
to  stand  in  neutral  medium  and  another  in  o.4  per  cent.  sodium  hydrate  for 
twenty-four hours  on  ice.  The  alkali  was  then  neutralized  and  the  digestive 
power  of  the  mixtures  determined as  before.  No  substrate  was  added.  Each 
flask contained an equal quantity of ceils. 
Treated with 
Medium.  Untreated.  o.4~ sodium hydrate. 
O.2~ acetic acid  4.7 c.c. N/Io H~S04  1.3 c.c. N/Io H=SO, 
Neutral  6.2 c.c. N/Io H2SO,  7.1 c.c. N/Io H2SO, 
o.2~ sodium carbonate  8.1 c.c. N/Io H=SO,  4.9 c.c. N/Io H2SO, 
In this  instance,  even  though the  concentration  of alkali  was  in- 
creased to o.4 per cent., the cells were later able to effect proteolysis 
in  neutral  and  alkaline  media. 
From these experiments  it appears that leucoprotease  is different 
from the alkaline  enzymes of liver and pancreas,  for it exists in the 
cells  of  inflammatory  exudates  in  an  active  condition.  This 
= Opie,  ]our.  of Exper. Med., 19o6,  viii,  41o. 684  Intracellular Proteolytic Enzymes  of Liver. 
assumption is based upon observations of the effect of alkali  upon 
the proteolytic enzymes of liver and pancreas.  It has been demon- 
strated  that  alkali  tends  to  preserve  the  enzyme  in  the  inactive 
condition,  and  pretreatment with  sodium hydrate renders  perma- 
nent this inactivity; it is noteworthy that pancreas can be activated 
subsequently  by  a  specific  substance,  enterokinase  of  succus 
entericus. 
The  work  described may be  summed up  in  a  few general  con- 
clusions.  Autolysis  of  fresh  normal  liver  progresses  much  more 
favorably in  acid than  in  alkaline medium.  When  fresh  liver  is 
placed  on  ice  in  neutral  and  in  alkaline  solution,  the  power  of 
autolysis in neutral and alkaline media,  when tested  from week to 
week, increases markedly, whereas autolysis of the same mixtures 
in  acid  medium  decreases  somewhat.  The  addition  of  acid  to 
fresh liver develops the maximal autolytic activity in acid medium. 
Pretreatment of fresh normal liver with weak acetic acid increases 
the amount of subsequent autolysis in  neutral and alkaline media. 
The  enzyme  of  liver  which  is  capable  of  proteolysis  in  alkaline 
medium probably exists in the cell in an inactive state and requires 
activation for the development of its maximal activity.  If the acid 
enzyme of  liver  exists  in  an  inactive  condition,  it  is  readily  ac- 
tivated  by  acid  which  is  the  best  medium  for  its  action.  Dog's 
liver  probably  contains  two  proteolytic  enzymes,  one  acting  best 
in acid and the other in alkaline medium.  The inhibitory effect of 
alkali upon liver autolysis is probably referable to the preservation 
of the inactive state of the alkaline enzyme.  The maintenance of 
the normal equilibrium of the proteolytic enzymes of the liver cell 
must be intimately dependent upon the preservation of tissue  neu- 
trality; inasnmch as we know, on the one hand,  that acid reaction 
means  increased  activity even if  the  acidity is  subsequently over- 
come, and,  on the other hand,  increase of alkaline reaction causes 
retardation of proteolysis by preventing the activation of the alka- 
line  enzyme.  The  observation  that  leucoprotease exhibits  proteo- 
lytic activity after pretreatment with sodium hydrate suggests that 
this  enzyme exists  in  an  active  state  in  the cells  of  inflammatory 
exudates. 
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